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Abstract: The effect of 24-epibrassinolide foliar spray on some physiological dis-
orders of pistachio cultivars was evaluated in two years. This factorial experi-
ment was designed as a randomized complete block design with three replica-
tions. Factor A involved different pistachio cultivars and factor B involved the
application time of hormone with four treatments including T1= bud swelling,
T2= after full bloom, T3= T1 + T2, and T4= control. Different parameters were
recorded. The application of hormone in both different stages caused the maxi-
mum fruit set percentage and minimum inflorescence bud and fruit abscission
percentage in three sprayed cultivars. Despite of the highest percentage of
inflorescence bud and fruit abscission in control treatment of cv. Kallehghoochi,
the application of this hormone decreased these parameters in this cultivar in
T3 treatment. Chlorophyll, protein, and proline contents of the leaves were
increased in all brassinosteroide treatments, especially under two-stage appli-
cation. Also, ion leakage and reduced sugar were decreased in treated leaves
after using hormones. The effect of this hormone on antioxidant enzymes
showed that all enzymes (CAT, SOD and APX) except POD were increased by
the application of brassinosteroides. The loss of carbohydrate in one-year-old
woods indicated the growth stimulating effect of this hormone. Thus, 24-epi-
brassinolide is a good suggestion to increase the quantity and quality of pista-
chio, especially in cv. Kallehghoochi.
1. Introduction
Pistachio (Pistacia vera L.) is an important horticultural crop that has
high economic value. Unfavourable environmental conditions in recent
years have resulted in the loss of fruit set and yield in commercial pista-
chio cultivars. Also, physiological disorders such as bud and fruit abscis-
sion, and blank and non-split nuts are the most important problems of
this produce that have been deteriorated by the biotic and abiotic stress-
es in most pistachio-growing areas.
Plant antioxidant defence system consists of such enzymes as superox-
(*) Corresponding author: 
f.kamiab56@gmail.com
Citation:
KAMIAB F., 2018 - 24-Epibrassinolide improves
some physiological disorders in pistachio culti-
vars. - Adv. Hort. Sci., 32(1): 3-12
Copyright:
© 2018 Kamiab F. This is an open access, peer
reviewed article published by Firenze University
Press (http://www.fupress.net/index.php/ahs/)
and distribuited under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction
in any medium, provided the original author and
source are credited.
Data Availability Statement:
All relevant data are within the paper and its
Supporting Information files.
Competing Interests:
The authors declare no competing interests.
Received for publication 18 July 2017
Accepted for publication 31 October 2017
AHS
Advances in Horticultural Science
Adv. Hort. Sci., 2018 32(1): 3-12
4
ide dismutase (SOD), catalase (CAT), peroxidase
(POD), ascorbate peroxidase (APX) and also, non-
enzymatic components may include osmolytes like
proline, glycine betaine, sorbital, and mannitol
(Anjum et al., 2010, 2012).
In these conditions, growth regulators are useful
for the prevention of fruit abscission and increased
yield. Nowadays, foliar spray of growth regulators in
fruit orchards has become a usual practice, and their
considerable effects are evident on fruit quantitative
characteristics. Brassinosteroids (BRs) are steroid
hormones that are widely distributed in the plant
kingdom, with a regulatory function in normal plant
growth and development (Mandava, 1988).
Exogenous application of BRs to roots of young
tomato and radish plants induced the hypocotyls and
petioles (Takatsuto et al., 1983). Brassinosteroids are
known as hormones with pleiotropic effects that
influence different processes like cell elongation,
senescence and xylem differentiation, growth, seed
germination, rhizogenesis, flowering, stem elonga-
tion, pollen tube growth, leaf epinasty, ethylene
biosynthesis, proton pump activation, gene expres-
sion, and photosynthesis (Clouse and Sasse, 1998;
Dhaubhadel et al., 1999; Khripach et al., 2000; Steber
and McCourt, 2001; Krishna, 2003; Yu et al., 2004;
Vert et al., 2006). Brassinosteroids also could induce
resistance to various abiotic stresses (Rao et al.,
2002).
Commercial application of this hormone has been
started since 1990 and 24-epiprassinolid and 28-
homobrassinolid are more effective in garden condi-
tions because of their stability (Khripach et al., 2000).
Effects of 28-homobrassinolide have been reported
on yields of wheat, rice, groundnut, mustard potato,
and cotton (Ramraj et al., 1997). Foliar spray of
brassinoides on watermelon seedling increased
female flower, fruit set and yield considerably. In
other experiments, effective role of brassinosteroid
has been confirmed in vegetative and reproductive
growth in strawberries and yellow passion fruit
(Ramraj et al., 1997; Gomes et al., 2006). Also, the
application of BRs could accelerate the ripening of
tomato and grape fruits (Vardhini and Rao, 2002;
Symons et al., 2006). Despite numerous studies on
agronomic crops, there are few investigations into
the effect of brassinosteroides on fruit trees.
Hosseinpur et al. (2014) used different concentra-
tions (0.5, 0.75, 1 and 1.5 mg/l) of 24-epibrassinolid
before flowering on Kallehghuchi pistachio and
showed that 1.5 mg/l of epibrassinolid was the best
treatment for increasing fruit set of this cultivar. Due
to the increasing unfavourable environmental condi-
tions during pistachio flowering, this hormone was
tested before and after flowering for increasing fruit
set. Numerous studied has showed that effect of this
hormone depends on its application time. Thus, we
compared different application times on three com-
mercial cultivars to determine the best application
time for brassinosteroides on pistachio trees. The
objective of the study was to evaluate the effect of
24-epibrassinolid on quantitative and qualitative
traits of pistachio fruit.
2. Materials and Methods
Plant material and experiments
This experiment was done in a commercial
orchard (Lat. 29°30’ N., Long. 56°05’ E., Alt. 1605 m.)
in the Asad Abad district, Rafsanjan, Iran in 2014 and
2015. The results of soil analysis of this orchard are
shown in Table 1. Mineral deficiencies are compen-
sated with the use of fertilizer during the growing
season.
In 2014, twenty adjacent “on” trees were select-
ed. On each “on” tree, five uniforms “on” shoots
were chosen and labeled a week before full bloom.
Each selected shoot included four clusters with no
lateral shoots. Because of the alternate bearing habit
of pistachio trees, “on” trees in 2014 were naturally
“off” trees in 2015, so this experiment was repeated
by applying the same treatments on the similar previ-
ous year’s trees, naturally going into the “off” year,
but the treatments were applied on other one-year-
old shoots to avoid any experimental effects of the
previous year’s treatments. These selected shoots
were also uniform in length and diameter similar to
the previous year’s shoots, but each shoot included
only one cluster. 24-epibrassinolide (1.5 mg/l, Sigma
Texture soil pH Saturation (%) EC (ds/m) Depth (cm) K (ppm) P (ppm) N (%)
Sandy-clay 7.7 28 7 0-30 239 13.8 0.03
Table 1 - Chemical analysis of some macro and micro elements of the soil of the pistachio orchard in Asad Abad village, Rafsanjan
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Company) was sprayed on crown of the trees.
The experiment was carried out on a factorial
base with a randomized complete block design with
three replications. Factor A involved different pista-
chio cultivars (Akbari, Kalehghoochi and Ohadi).
Factor B involved the time of the application of 24-
epibrassinolide in four treatments: T1= bud swelling
stage, T2= two weeks after full bloom, T3= applica-
tion at two stages (T1 and T2) and T4= control (spray-
ing with water). There were 12 treatments with 3
replications in this experiment, and two trees in each
experimental unit (totally 72 trees) were compared.
Inflorescence bud and fruit abscission and fruit set
The number of initiated inflorescence buds and
the total number of abscised buds on the individual
current-year shoots were counted six weeks after full
bloom (May) and at the harvest time (September),
respectively. The percentage of inflorescence bud
abscission was calculated by dividing the number of
abscised buds by the total number of buds initiated
on each shoot.
In order to detect the fruit set percentage and
fruit abscission, four branches with almost equal
buds in different geographical sides of each tree
were selected and marked. These factors were mea-
sured by the following formula, respectively:
Numer of fruit set (30th day)
Initial fruit set percentage =                                                        x 100
Number of flower buds
Numer of fruit set (120th day)
Harvest fruit set percentage =                                                      x 100
Number of flower buds
Fruit characteristics
At the harvest time, all clusters were detached
from each shoot and were hand-sorted into blank,
non-split, and split nuts, fresh and dry weight of
fruits were measured on each marked branches.
Yield factor is reported in results as dry weight of
nuts per each branch.
Biochemical characteristics
All biochemical parameters were measured about
two weeks after foliar application of brassinos-
teroides and spectrophotometer was used for all bio-
chemical measurement.
Assay of protein, APX and POD
Fresh leaf samples (1 g) from all treatments were
ground in 5 ml Tris-HCl buffer (0.05 M). The
homogenates were centrifuged at 10,000 g for 25
min at 4°C. The protein content in the supernatant
was analyzed by the procedure of Bradford (1979).
The supernatants were also used to analyze the activ-
ity of APX and POD enzymes. APX activity was deter-
mined by Nakano and Asada method (1981).
Assay of SOD, CAT and H2O2
Frozen leaf samples (1 g) were homogenized in 50
mM sodium phosphate buffer (pH 7.8 for SOD and
pH 7 for CAT). Then, these materials were cen-
trifuged at 12,000 g for 20 min at 4°C. The super-
natant was used to measure the activity of the
enzymes.
SOD activity was measured according to the
method described by Giannopolitis and Ries (1977)
and CAT activity was determined by the procedure of
Cakmak and Marschner (1992). 
Reducing sugars and Proline analysis 
Proline and reducing sugars content were extract-
ed from the fresh leaf samples according to Bates et
al. (1973) and Somogyi (1952), respectively.
Chlorophyll content of leaves 
The Chlorophyll content was calculated using the
method introduced by Meidner (1984) as:
Total Chlorophyll (mg/ml-1 g-1): [(17.76 × OD646.6) + (7.37×
OD663.6)] × V/1000W
where, OD= the read absorbance , V= consumed ace-
tone volume, W= fresh weight of sample (g).
Ion leakage of leaves
The relative permeability of cell membranes was
calculated using a slight modification of the method
introduced by Zhang et al. (2006) as: 
EC1-EC0Relative permeability (%) =                                           x 100
EC2-EC0
Total nonstructural carbohydrate of 1-year old wood
One-year-old stems were immediately placed on
ice and were taken to the laboratory. In the laborato-
ry, the stem tissue were dried at 60°C, weighted,
ground to pass a 40-mesh screen and analyzed for
total nonstructural carbohydrate (TCN). The concen-
tration of starch was measured by the method of
Hedge and Hofreiter (1962). Dissolved sugar was cal-
culated using the phenol and sulphuric acid method
introduced by Hellebust and Craige (1978). The
absorbencies were measured at 485 and 630 nm for
dissolved sugar and starch, respectively. The concen-
tration of total sugar and starch were summed to
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give an estimate of total nonstructural carbohydrate.
Statistical analysis
Finally, the collected data were analysed using
SAS software package, the means were compared by
Duncan test at 5% level, and the diagrams were
drawn in MS-Excel software package.
3. Results
Interaction of brassinosteroides and cultivars for
inflorescence bud, fruit abscission, and fruit set in pis-
tachio
The result indicated that the two-stage applica-
tion of this hormone decreased bud abscission by
about 20% in Kalleghuchi cultivar but by about 10%
in other cultivars (Akbari and Ohadi) (Table 2). In the
“on” year, the highest percentage of fruit abscission
was observed in control in Kalleghuchi cultivar and
the application of this hormone especially in two
stages decreased fruit abscission by about 30% while
fruit abscission was decreased by 20% and 18% in
Akbari and Ohadi cultivars, respectively (Table 2) and
also the foliar spray of this hormone in two stages
increased the fruit set significantly so that it was dou-
bled as compared to control.
Interaction of brassinosteroides application time and
cultivars for blank and split nuts in Pistachio
The highest blank nut and the lowest split nut
were observed in control in ‘Kallehghoochi’ in two
experimental years and in the “on” year, they were
about 6% and 54%, respectively. The lowest blank
nut and the highest split nut were observed in
Kallehghoochi and Ohadi cultivars and brassinos-
teroides spray at two stages in the “on” year at about
4% and 80%, respectively. The percentage of blank
nut was decreased in all cultivars in the “off” year by
about 50% when the hormone was applied at two
stages and by 25% when it was applied at one stage.
In the “off” year, the percentage of split nut was sig-
nificantly increased only in ‘Kallehghoochi’ at two
stages of brassinosteroides application (Table 3).
Table 2 - Interaction of stage of brassinosteroides application and cultivar for fruit and bud abscission and fruit set percentage of pista-
chio in two years
‘Ohadi' ‘Akbari' ‘Kallehghoochi'
C T1 T2 T3 C T1 T2 T3 C T1 T2 T3
During 2014 “on year”
Fruit set (%) 9.5 d 13 c 14 c 16 bc 11 d 14.5 c 18 b 21 a 7.1 f 8.5 e 9.2 d 13.5 c
Friut abscission (%) 58 b 50 c 47 c 40 d 62 ab 54 bc 55 b 42 C 68 a 47 c 43 c 36 d
Bud  abscission (%) 68 c 63 d 60 d 58 d 88 a 83 b 80 b 78 b 90 a 78 b 72 c 68 c
During 2015 “off year”
Fruit set (%) 11 d 12.5 c 13 c 14 c 15 b 16 b 17 b 19 a 9 d 9.5 d 10 d 12 c
Fruit abscission (%) 44 c 42.5 cd 40 d 38 d 50 b 46 c 47 bc 42 cd 54 a 50 b 48 bc 45 c
Bud abscission (%) 50 a 45 ab 43 ab 40 b 30 c 28 c 28 c 22 d 25 cd 24 cd 22 d 22 d
Table 3 - Interaction of stage of brassinostroides application and cultivar for blank, split, fresh and dry weight of nut, and yield per shoot
of pistachio in two years
‘Ohadi' ‘Akbari' ‘Kallehghoochi'
C T1 T2 T3 C T1 T2 T3 C T1 T2 T3
During 2014 “on” year
Blank nut (%) 4.5 bc 4.2 c 4 c 3.2 d 5.5 ab 5 b 4.5 bc 4 c 6 a 5 b 4.5 bc 4 c
Fresh weight nut (g) 2.1 e 2.1 e 2.4 d 2.9 c 2.9 c 3 c 3.2 b 3.8 a 2.9 c 3 c 3.2 b 3.9 a
Dry weight nut (g) 0.67 d 0.7 d 0.8 cd 0.95 c 0.9 c 1 bc 1.1 b 1.2 ab 0.9 c 1 bc 1.1 b 1.3 a
Split nut (%) 50 d 70 b 65 bc 75 ab 65 bc 70 b 75 ab 79 a 54 d 63 c 70 b 80 a
Yield per shoot (g) 45 e 75 c 80 c 100 b 60 d 90 b  95 c 120 a 50 ed 65 d 75 c 90 bc
Yield per tree (kg) 2 f 2.5 ef 3 e 3.5 de 4 d 5 c 6.1 b 7 a 3 e 3 e 4.1 d 5.2 c
During 2015 “off” year
Blank nut (%) 10 b 8.5 c 8 c 5.5 d 12 a 8.5 c 9 bc 6d 11 ab 7 cd 6.5 d 6 d
Fresh weight nut (g) 2.8 d 3 cd 3 cd 3.8 a 3.2 c 3.7 ab 3.6 b 3.9 a 3.3 c 3.5 b 3.5 b 3.9 a
Dry weight nut (g) 0.9 e 1 d 1 d 1.2 b 1.1 c 1.2 b 1.2b 1.3 a 1.1 c 1.2 b 1.2 b 1.3 a
Split nut (%) 75 bc 76 bc 78 b 80 b 8 ab 87 a 87 a 90 a 73 c 80 b 80 b 80 b
Yield per shoot (g) 14 e 20  b 18 c 22  a 15 ed 20 b 20  b 22 a 16 d 20 b 18 c 22.1 a
Yield per tree (kg) 1 d 1.1d 1.5 c 1.8 b 1.5 c 1.8 b 2.1 b 2.8 a 1.3 c 1.3 c 1.7 bc 2 b
C= Control, T1= Bud swelling phase, T2= Two weeks after full bloom, T3= T1 and T2.
Different letters within a row indicate significant differences by Duncan’s multiple range tests at P<0.05.
C= Control, T1= Bud swelling phase, T2= Two weeks after full bloom, T3= T1 and T2.
Different letters within a row indicate significant differences by Duncan’s multiple range tests at P<0.05.
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Interaction of brassinosteroides application time and
cultivars for fresh and dry weight of pistachio nut
The highest fresh weight and dry weight of fruit
were observed in ‘Kallehghoochi’ and in brassinos-
teroides spray at two stages, which were about 3.9
and 1.3 g, respectively. The lowest fresh and dry
weights of fruit in the “on” year were observed in
control in ‘Ohadi’ with no hormone application, which
were about 2.1 and 0.67 g, respectively (Table 3).
Interaction of brassinosteroides application time and
cultivars for yield per shoot and tree in pistachio
Table 3 showed that brassinosteroides significant-
ly increased the yield per shoot and tree, especially
when they were applied at two stages in the “on”
year. The interaction between cultivar and the stage
of brassinosteroides spray for the yield per shoot
showed that the highest yield of branch and tree
were observed in ‘Akbari’ and in brassinosteroides
spray at two stages, which were about 120 g and 7
kg, respectively. The lowest yield of branch and tree
were observed in control of Ohadi cultivar and they
were about 45 g and 2 kg, respectively in the “on”
year (Table 3).
Interaction of brassinosteroides application time and
cultivars on proline, reduced sugar, and protein of
pistachio leaves
Table 4 reveals that the highest amount of
reduced sugar and the lowest amount of protein and
proline was observed in control in ‘Kallehghuchi’ in
both experimental years. The application of brassi-
nosteroides (at two stages) increased protein and
proline contents of the leaves in all pistachio cultivars
significantly, especially in the “on” year, and also the
lowest amount of reduced sugar was observed in all
cultivars in both “on” and “off” years when the hor-
mone was applied at two stages (Table 4).
Interaction of the time of brassinosteroides applica-
tion and cultivars for chlorophyll and ion linkage of
leaves
According to Table 4, the chlorophyll content was
significantly increased in all brassinosteroides treat-
ments as compared to control. Maximum chlorophyll
content was observed in two-stage application of this
hormone in all cultivars. Maximum ion leakage was
related to the control in all cultivars and all brassinos-
teroides treatments showed significantly lower ion
leakages. Minimum ion leakage was observed in two-
stage application of this hormone in all cultivars
(Table 4).
Interaction of the time of brassinosteroides applica-
tion and cultivars for antioxidant enzyme activities
Figures 1 and 2 shows that activity of all antioxi-
dant enzymes was significantly higher in the “on”
year than in the “off” year. The application of brassi-
nosteroides suppressed the activity of all enzymes
(CAT, SOD and APX) except POD. The lowest activity
of all  enzymes was observed in control of
Kallehghuchi cultivar in two trial years so that they
were remarkably boosted with application of this
hormone as compared to other cultivars. Maximum
enzyme activity was observed in two-stage applica-
tion of this hormone in all cultivars.
Interaction of the time of brassinosteroides applica-
tion and cultivars on annual changes in total non-
structural carbohydrate (TCN) concentration of one-
year-old wood of pistachio
Figures 3 and 4 reveal that carbohydrate storage
Table 4 - Interaction of stage of brassinostroides application and cultivar for some physiological traits of pistachio in two years
C= Control, T1= Bud swelling phase, T2= Two weeks after full bloom, T3= T1 and T2.
Different letters within a row indicate significant differences by Duncan’s multiple range tests at P<0.05.
‘Ohadi' ‘Akbari' ‘Kallehghuchi'
C T1 T2 T3 C T1 T2 T3 C T1 T2 T3
During 2014 “on” year
Proline (µm/g FW) 20 c 22.6 c 25.7 bc 35 ab 20 c 23 c 28 b 38 a 18 c 20 c 30 b 40 a
Reducing sugars (mg/g FW) 30 b 25 bc 24 bc 18 c 35 b 30 b 26 bc 20 c 40 a 30 b 25 bc 12 d 
Protein (mg/g FW) 18 bc 19.1 b 20 ab 21 a 19 b 19 b 19 b 21 a 15 d 16.8 c 19 b 2 ab
Ion Leakage (%) 38 b 34 c 35 bc 31 cd 34 c 30 d 30 d 29 d 43 a 40 ab 39 b 34 c
Chlorophyll (mg/ml FW) 21 c 25 b 28 ab 29.9 a 19.5 c 26 b 27 ab 30.3 a 16.3 d 26.5 b 27.3 ab 30.2 a
During 2015 “off” year
Proline (µm/g FW) 15 c 16 c 16.2 c 20 b 14.5 c 14.5 c 15c 19 b 14.2 c 17.5 bc 20.5 b 25.8 a
Reducing sugars (mg/g FW) 7.7 ab 7.56 b 7.5 b 6.9 c 6.5 d 6.5 d 6 e 6 e 7. 9 a 7.75 ab 7.75 ab 7.42 b 
Protein (mg/g FW) 17.1 bc 17.1 bc 17.5 b 17.7 b 19 ab 19 ab 19.1 ab 20.1 a 16  c 16.5 c 18.3 b 20 a 
Ion Leakage (%) 40 b 37 c 37 c 32 d 36 c 33 d 31 d 29 e 45 a 43 ab 41 b 38 bc
Chlorophyll (mg/ml FW) 25 c 28 bc 32 ab 34 a 22 d 29 b 30 b 33 a 20 d 29 b 30 b 33 a
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in shoots of “on” and “off” trees decreased following
the spring growth flash. Figure 3 shows that, in “on”
trees, the lowest amount of carbohydrate was
observed in Jun and Aug in all cultivars. After harvest
(Sep), amount of carbohydrate increased again.
Figure 4 shows that, in “off” trees, stored carbohy-
Fig. 1 - Interaction of stage of brassinostroides application and cultivar
for the activities of some antioxidant enzyme of pistachio in the
“on” year. C= Control, T1= Bud swelling phase, T2= two weeks
after full bloom, T3= T1 and T2. Different letters within a row
indicate significant differences by Duncan’s multiple range tests
at P<0.05.
Fig. 2 - Interaction of stage of brassinostroides application and cultivar
on activities of some antioxidant enzyme of pistachio in the
“off” year. C= Control, T1= Bud swelling phase, T2= two weeks
after full bloom, T3= T1 and T2. Different letters within a row
indicate significant differences by Duncan’s multiple range tests
at P<0.05.
Fig. 3 - Interaction of stage of brassinostroides application and cultivar
on annual changes in total non-structural carbohydrate (TCN)
concentration of one-year-old wood of pistachio in the “on”
year. C= Control, T1= Bud swelling phase, T2= two weeks after
full bloom, T3= T1 and T2.
Fig. 4 - Interaction of stage of brassinostroides application and cultivar
on annual changes in total non-structural carbohydrate (TCN)
concentration of one-year-old wood of pistachio in the “off”
year. C= Control, T1= Bud swelling phase, T2= two weeks after
full bloom, T3= T1 and T2.
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drate of control and T1 treatments increased and
remained high after initial growth flash but, in T3 and
T4 treatments, it decreased in July and then started
to increase again.
4. Discussion and Conclusions
The effect of 24-epibrassinolid application on
yield and quantitative traits of pistachio in three cul-
tivars was considerable in this experiment. Maximum
yield was observed in Akbari cultivar and brassinos-
teroides spray at two stages so that it was doubled as
compared to the control. Also, the application of this
hormone at two stages increased fruit set significant-
ly as compared to control. This finding confirms those
reported by Heidari et al. (2015) who showed that
the application of epi-brassinolid increased fruit set
in Alberta peach. Brassinosteroides regulate fruit
number and are also able to induce cell division and
elongation (Rao et al., 2002). Gomes et al. (2006)
reported that the use of Brassinosteroides in yellow
passion after flowering has led to an increase in fruit
number and yield. Foliar application of brassinos-
teroids resulted in an increase in the number of flow-
ers in strawberry (Leubner-Metzger, 2001), and also
in grape fruits, the foliar application of brassinos-
teroids in autumn increased the number of flowers
(Pipattanawong et al., 1996). These results show that
the increased yield in this experiment could be due
to the increase in pistachio flowers induced by this
hormone.
Another problem in pistachio is fruit abscission
whose causes are not clearly known. However, envi-
ronmental influences and competition for resources
such as photo assimilates and plant hormones are
the likely causal factors of fruit abscission
(Thompson, 1996). fruit abscission in this experiment
fell by half in Kallehghuchi cultivar at two-stage hor-
mone application. Foliar spray of epibrassinolid on
grape (0.01 mg/l) during flowering reduced fruit
abscission (Pozo et al., 1994). Brassinosteroides can
increase carbohydrate content because of the
increase in photosynthesis capacity and translate
assimilate from source to sink (Goetz et al., 2000).
Evaluation of the carbohydrate storage in one-
year-old wood of pistachio in spring and summer sea-
son in this research showed that the amount of car-
bohydrate decreased in spring (April and May).
This reduction of stored carbohydrate could be
related to spring growth flash. In “on” year, there
were other two steps of reduction of carbohydrate,
the first and second steps were due to summer
growth flash and period of kernel fill, respectively.
This finding confirms the results of Timothy et al.
(2008). But it should be noted that the application of
this hormone, especially in T3 treatment, decreased
significantly the amount of stored carbohydrates in
first step of reduction as compared to control. This
seems to be due to stimulation of growth after appli-
cation of this hormone. Stored carbohydrates, in
one-year-old wood, after harvest of pistachio were
significantly higher in this treatment.  In “off” trees,
stored carbohydrate of control and T1 treatments
increased and remained high after initial growth flash
but stored carbohydrate in T3 and T4 treatments
decreased in July and then started to increase again.
It seems that decreased carbohydrate in July could
be caused by the stimulation of growth by the use of
hormone. Thus, other reason for higher yield in this
experiment is the enhanced growth after application
of this hormone caused by the increased number of
leaves and shoot and, consequently, more assimila-
tion synthesis for kernel growth and flower bud
development.
Chlorophyll content of leaves was increased in the
treated plants. Thus, the increased chlorophyll could
be the reason for the increase in assimilates in pista-
chio, resulting in the increased fruit set, fresh and dry
weight of nuts and yield. This is consistent with the
results of Hassan Zadeh (2013) who showed that the
application of epi-brassinolid increased chlorophyll in
cantelop.
Unfavourable environmental stresses such as
drought and high temperature conditions during
flowering and after it decrease fruit set and, on the
other hand, increase fruit abscission in most pista-
chio gardens in Rafsanjan. Plant stress tolerance
requires the activation of complex metabolic activi-
ties including anti-oxidative pathways, especially
ROS-scavenging systems within the cells that in turn
can contribute to continued plant growth under
stress conditions (El-Mashad and Mohamed, 2012).
One of the roles of Brassinosteroids is the increased
resistance of plants against various abiotic stresses as
confirmed by the results of this experiment. So, APX,
SOD and CAT enzymes were increased with the appli-
cation of this hormone especially its two-stage appli-
cation. It should also be noted that in ‘Kallehghuchi’
as the most sensitive cultivar to physiological disor-
der, the amount of antioxidant enzymes were lower
than other cultivars and that it was increased with
the application of brassinosteroides hormone signifi-
cantly. There are numerous reports in this regard,
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some of which are reviewed here. Brassinosteroid-
treated tomato and rice plants grew better than con-
trol plants under low-temperature conditions
(Kamuro and Takatsuto, 1991). In rice, 24-epibrassi-
nolide increased the resistance against chilling stress
(1-5°C) and the tolerance was associated with the
increased ATP, proline levels and SOD activity, thus
indicating brassinosteroid involvement in membrane
stability and osmo regulation (Wang and Zang, 1993).
Brassinosteroids increased tolerance to high temper-
ature in wheat leaves (Kulaeva et al., 1991).
Results of this experiment showed that the reduc-
tion of ion leakage in leaves confirms that this hor-
mone impacts membrane permeability, resulting in
resistance to environmental stress. Thus, the
increased fruit set and decreased fruit abscission in
treated trees could be due to the increased resis-
tance to a biotic stress because of hormone applica-
tion. On the other hand, the application of epi-prassi-
nolid increased proline content and decreased the
reduced sugar in pistachio leaves. It seems 24-epi
brassinolid could alleviate the adverse effects of abi-
otic stress on pistachio cultivars, especially on
Kallehghuchi arguably by increasing the activities of
ant oxidative enzymes and the contents of proline.
The increase in proline and anti-oxidant enzymes are
the natural mechanisms to induce tolerance to abiot-
ic stress in plants. In a similar study, Rady (2011)
reported that the spray of 5μM 24-epi brassinos-
teroides to NaCl-exposed Phaseolus vulgaris
improved the elevation of the activities of anti-oxida-
tive enzymes and proline content. Aghdam et al.
(2012) reported that the treatments with 0.3 and 0.6
μM BRs to tomato fruits stored at 1°C for 21 days
enhanced proline. Foliar application of brassinos-
teroides was reported to improve Cd-tolerance in
Brassica juncea through the increase in activity of
antioxidative enzymes (such as CAT, POD, SOD) and
the content of osmolyte such as proline (Hayat et al.,
2007). On the other hand, lower amount of reduced
sugar in brassinosteroides treatments could reflect
the alleviation of the adverse effects of abiotic stress
after the application of this hormone.
Dry and fresh weight of pistachio nuts was
increased by about 30% with the application of 24-
epibrassinolid at two stages. The increase of nut
weight may be another reason for the increased yield
in this experiment. Brassinosteroides have important
role in such phenomenon as cell division and elonga-
tion, photosynthesis rate, transfer material, regula-
tion of enzyme activity and hormone balance, each of
which can increase nut weight and yield in pistachio
crop. Increased DNA and RNA polymerase and
increased synthesis of protein by the use of
Brassinosteroides can induce growth (Kalinich et al.,
1985). Vardhini and Rao (1998) showed the relation-
ship between increased growth and DNA, RNA and
protein synthesis in peanut. Yu (1999) found signifi-
cant increases in the initial activity of Rubisco and in
the sucrose, soluble sugars, and starch contents fol-
lowed by substantial increases in sucrose phosphate
synthase, sucrose synthase and acid invertase activi-
ties after BRs treatment. Impaired carbohydrate
metabolism and reduced biomass were found in a
brassinosteroid-deficient Arabidopsis mutant
(Schluter et al., 2002).
Increasing of blank nut especially in Kallehghoochi
and Akbari cultivars is one of the most important dis-
orders in pistachio trees. It has been reported that
the degeneration of the ovary segments, especially
funicle degeneration, is the major cause of blanking
in pistachio (Shuraki and Sedgley, 1996).
Brassinosteroids are considered as hormones with
pleiotropic effects as they influence various develop-
mental processes like growth, flowering, pollen tube
growth, tissue differentiation, proton pump activa-
tion, gene expression and photosynthesis (Khripach
et al., 1998, 2000). Therefore, brassinosteroide can
improve growth and development of reproductive
organs and prevent ovary degeneration and, on the
other hand, embryo abortion could be decreased by
the application of this hormone because of the
inducing protein, carbohydrate synthesis and, conse-
quently, the blank nuts can be decreased.
In this research the percentage of non-split nuts
was decreased with the application of epibrassinolid.
A correlation has been found between kernel devel-
opment and splitting (Ferguson et al., 2005). Thus,
the decrease in the percentage of non-split nuts by
the application of this hormone might be attributed
to its role in improving the growth and development
of pistachio trees and, on the other hand, the appli-
cation of epibrassinolid increases the production of
carbohydrate and assimilation into the plants and, as
a result, the growth of kernel increases (Crane and
Iwakiri, 1985).
In conclusion, exogenous application of 24-epi-
brassinolide indicated the possible direct role of this
hormone in alleviating the physiological disorders
and increasing the quality and yield in pistachio.
Thus, 24-epibrassinolide is a good suggestion for
increasing quantity and quality of pistachio, especial-
ly in Kallehghoochi cultivar that has the most disor-
der physiological problems.
Kamiab - Brassinosteroids contribution to pistachio disorders
11
References
AGHDAM M.S., ASGHARI M., FARMANI B., MOHAYEJI M.,
MORADBEYGI H., 2012 - Impact of postharvest brassi-
nosteroids treatment on PAL activity in tomato fruit in
response to chilling stress. - Horticultural Science, 144:
116-120.
ANJUM N.A., UMAR S., AHMAD A., 2012 - Oxidative stress
in plants: Causes, consequences and tolerance. - First
ed., IK International Publishing House, New Delhi,
India, pp. 543.
ANJUM N.A., UMAR S., CHAN M.T., 2010 - Ascorbate-glu-
tathione pathway and stress tolerance in plants. - First
ed., Springer, Dordrecht, The Netherlands, pp. 545.
BATES L., WALDREN P.P., TEARE J.D., 1973 - Rapid determi-
nation of the free proline of water stress studies. - Plant
and Soil Journal, 39: 205-207.
BRADFORD M.N., 1979 - A rapid and sensitive method for
the quantitation of microgram quantities of protein uti-
lizing the principles of protein-dye binding. - Annual
Review of Biochemistry, 72: 248-254.
CAKMAK I., MARSCHNER H., 1992 - Magnesium deficiency
and high light intensity enhance activities of superoxide
dismutase, ascorbate peroxidase, and glutathione
reductase in bean leaves. - Plant Physiology, 98: 1222-
1227.
CLOUSE S.D., SASSE J.M., 1998 - Brassinosteroids: essential
regulators of plant growth and development. - Annual
Review of Plant Physiology and Plant Molecular
Biology, 49: 427-451.
CRANE J.C., IWAKIRI B.T., 1985 - Vegetative and reproduc-
tive dominance in pistachio. - Horticultural Science, 20:
1092-1093.
DHAUBHADEL S., CHAUDHARY S., DOBINSON.K.F., KRISH-
NA P., 1999 - Treatment with 24-epibrassinolide, a
brassinosteroid, increases the basic thermo tolerance of
Brassica napus and tomato seedlings. - Plant Molecular
Biology, 40: 333-342.
EL-MASHAD A., MOHAMED H., 2012 - Brassinolide allevi-
ates salt stress and increases antioxidant activity of
cow pea plants (Vigna sinensis). - Protoplasma, 249:
625-635.
FERGUSON L., BEEDE R.H., FREEMAN M.W., HAVILAND
D.R., HOLTZ B.A., KALLSEN C.E., 2005 - Pistachio pro-
duction manual. - Fourth ed. Fruit and Nut Research
and Information Center, University of California, Davis,
California, USA, pp. 251.
GIANNOPOLITIS C.N., RIES S.K., 1977 - Superoxide dismu-
tases. I. Occurrence in higher plants. - Plant Physiology,
59: 309-314.
GOETZ M., GODT D.E., OITSCH T.R., 2000 - Tissue-specific
induction of the mRNA for an extracellular invertase
isoenzyme of tomato by brassinosteroids suggests a
role for steroid hormones in assimilate partitioning. -
Plant Journal, 22: 515-522.
GOMES M., CAMPOSTRIN E., EAL N.R.L., 2006 -
Brassinosteroid analogue effects on the yield of yellow
passion fruit plants (Passiflora edulis). - Scientia
Horticulturae, 110: 235-240.
HASSAN ZADEH S.H., 2013 - Evaluation effect of epibrassi-
nolid on vegetative growth, yield and quality traits of
cantaloupe (Cucumis melon l.). - M.Sc. thesis, Bahonar
University, Kerman, Iran.
HAYAT S., ALI B., HASAN S.A., AHMAD A., 2007 -
Brassinosteroid enhanced the level of antioxidants
under cadmium stress in Brassica juncea . -
Environmental and Experimental Botany, 60: 33-41.
HEDGE J.E., HOFREITER B.T., 1962 - Estimation of starch by
anthrone reagent. - In: WHISTLER R.L., and J.N. BE-
MILLER (eds.) Methods in carbohydrate chemistry.
Analysis and preparation of sugars. Academic Press,
New York, USA, pp. 580.
HEIDARI T., ARVIN M.J., TAVASOLIAN I., 2015 - Impact of
24-Epibrassinolide on some quantitative of peach fruit
cv. ‘Alberta’. - J. Sci. Techn., 15(3): 399-406.
HELLEBUST J.A., CRAIGE J.S., 1978 - Handbook of physio-
logical methods. Physiological and biochemical meth-
ods. - Cambridge University Press, London, UK, pp. 430.
HOSSEINPUR M.R., AKBARNASAB A., PAKKISH Z., 2014 -
Effect of brassinosteroides on reproductive growth of
Kallehghuchi pistachio. - First symposium of pistachio,
31 July, Bahonar University, Kerman, Iran.
KALINICH J.F., MANDAVA N.B., TODHUNTER J.A., 1985 -
Relationship of nucleic acid metabolism to brassinolide
induced responses in beans. - Plant Physiology, 120:
207-214.
KAMURO Y., TAKATSUTO S., 1991 - Capability for problems
of practical uses for brassinolides, pp. 292-297. - In:
CUSTLER H.G., T. YOKOTA, and G. ADAM (eds.)
Brassinosteroids. Chemistry, bioactivity and applica-
tion. ACS Symposium Series .  Am. Chem. Soc.,
Washington, USA.
KHRIPACH V., ZHABINSKII V.., DE GROOT A., 2000 - Twenty
years of brassinosteroids: Steroidal plant hormones
warrant better crops for XXI century. - Annals of
Botany, 86(3): 441-447.
KHRIPACH V.A., ZHABINSKII V.N., DE GROOT A.E., 1998 -
Brassinosteroids: A new class of plant hormones. -
Academic Press, San Diego, CA, USA, pp. 456.
KRISHNA P., 2003 - Brassinosteroids-mediated stress
responses. - Plant Growth Regulation, 22: 289-297.
KULAEVA O.N., BURKHANOVA E.A., FEDINA A.B.V., 1991 -
Effects of brassinosteroides on protein synthesis and
plant cell ultrastructure under stress condition, pp. 141-
155. - In: CUTLER H.G., T. YOKOTA, and G. ADAM (eds.)
Brassinosteroids. Chemistry, bioactivity and applica-
tions. Amer. Chem. Soc., Washington, USA, pp. 358.
LEUBNER-METZGER G., 2001 - Brassinoides and Giberlines
promote tobacco seed germination. - Planta, 213: 758-
763.
MANDAVA N.B., 1988 - Plant growth-promoting brassinos-
teroids. - Annual Review of Plant Physiology and Plant
Molecular Biology, 39: 23-52.
MEIDNER H., 1984 - Class experiments in plant physiology.
Adv. Hort. Sci., 2018 31(2): 3-12
12
- British Library Cataloguing in Publication Data, Oxford
University press, London, UK.
NAKANO Y., ASADA K., 1981 - Hydrogen peroxide is scav-
enged by ascorbate-peroxidase in spinach chloroplast. -
Plant and Cell Physiology, 22: 867-880.
PIPATTANAWONG N., FUJISHIGE N., YAMANE K., OGATA
R., 1996 - Effect of brassinosteroid on vegetative and
reproductive growth in two day-neutral strawberries. -
J. Jpn. Soc. Hortic. Sci., 65: 651-654.
POZO L., NORIEGA C., ROBAINA C., COLL F., 1994 - Foliar
spraying of epibrassinolid on grape (Vitis vinifera). -
Cult. Trop., 15: 79-92.
RADY M.M., 2011 - Effect of 24-epibrassinolide on growth,
yield, antioxidant system and cadmium content of bean
(Phaseolus vulgaris L.) plants under salinity and cadmi-
um stress. - Scientia Horticulturae, 129: 232-237.
RAMRAJ V.M., VYAS B.N., GODREJ N.B., MISTRY K.B.,
SWAMY B.N., SINGH N., 1997 - Effects of 28-homo-
brassinolide on yields of wheat, rice, groundnut, mus-
tard potato and cotton. - J. Agric. Sci., 128: 405-413.
RAO S.S.R., VARDHINI B.V., SUJATHA E., ANURADHA S.,
2002 - Brassinosteroids - A new class of phytohor-
mones. - Current Science, 82(10): 1239-1245.
SCHLUTER U., KOPKE D., ALTMANN T., MUSSING C., 2002 -
Analysis of carbo-hydrate metabolism of CPD antisense
plants and the brassino-steroid-deficient cbbl mutant. -
Plant Cell Environ., 25: 783-791.
SHURAKI Y.D., SEDGLEY M., 1996 - Fruit development of
Pistacia vera (Anacardiaceae) in relation to embryo
abortion and abnormalities at maturity. - Australian
Journal of Botany, 44: 35-45.
SOMOGYI M., 1952 - Notes on sugar determination. - J.
Biol. Chem., 195: 19-29.
STEBER C.M., McCOURT P., 2001 - A role for brassinos-
teroids in germination in Arabidopsis. - Plant
Physiology, 125: 763–769.
SYMONS G.M., DAVIES C., SHAVRUKOV Y., DRY I B., REID J.,
THOMAS M.R., 2006 - Grapes on steroids. Brassino-
steroids are involved in grape berry ripening. - Plant
Physiology, 140: 150-158.
TAKATSUTO S., YAZAWA N., IKEKAWA N., TAKEMATSU T.,
TAKEUCHU Y., KOGUCHI M., 1983 - Structure-activity
relationship of brassinosteroids. - Phytochemistry, 22:
2437-2441.
THOMPSON M., 1996 - Flowering, pollination and fruit set,
pp. 223-241. - In: WEBSTER A.D., and N.E. LOONEY
(eds.) Cherries: Crop physiology, production and uses.
CABI, Wallingford, Oxfordshire, UK, pp. 464.
TIMOTHY M., ROBERT H., DEJONG M., 2008 - Seasonal car-
bohydrate storage and mobilization in bearing and
non-bearing of pistachio. - Tree Physiology, 28: 207-
213.
VARDHINI B.V., RAO S.S., 2002 - Acceleration of ripening of
tomato pericarp discs by brassinosteroids .  -
Phytochemistry, 61: 843-847.
VARDHINI B.V., RAO S.S.R., 1998 - Effect of brassinos-
teroids on growth, metabolite content and yield of
Arachis hypogaea. - Phytochemistry, 48: 927-930.
VERT G., NEMHAUSER J.L., GELDNER N., HONG F.X.,
CHORY J., 2006 - Molecular mechanisms of steroid hor-
mone signalling in plants. - Annual Review of Cell and
Developmental Biology, 21: 177-201.
WANG B.K., ZANG G.W., 1993 - Effect of epibrassinolide on
the resistance of rice seedlings to chilling injury. - Acta
Physiologica, 19: 38-42.
YU J.Q., HUANG L.F., HU W.H., ZHOU Y.H., MAO W.H., YE
S.F., NOGUES S., 2004 - A role for brassinosteroids in
the regulation of photosynthesis in Cucumis sativus. - J.
Exper. Bot., 55: 1135-1143.
YU J.Q., 1999 - Parthenocarpy induced by N-(2-chloro-4-
pyridyl)-N-phenylurea (CPPU) prevents flower abortion
in Chinese white-flowered gourd (Lagenaria leucantha).
- Environ. Exper. Bot., 42: 121-128.
ZHANG J., LIU Y.P., PAN Q.H., ZHAN J.C., WANG X.Q.,
HUANG W.D., 2006 - Changes in membrane-associated
H+-ATPase activities and amounts in young grape
plants during the cross adaptation to temperature
stresses. - Plant Sci., 170: 768-777.
